Background: Oral submucous fibrosis (OSMF) is a well-recognized "potentially malignant" disorder. It mostly affects the productive population of young adults and adolescents. The diagnosis of oral submucous fibrosis is primarily clinical and subjective. The only objective diagnostic method for OSMF is tissue biopsy. This study was conducted to find the potential use of ultrasound elastography to objectively quantify the clinical presentation in accordance with severity of the clinical condition in OSMF.
BACKGROUND
Oral submucous fibrosis (OSMF) is a well-recognized "potentially malignant" disorder [1] and has a prevalence rate of about 0.2%-1.2% in India. [2] [3] [4] OSMF primarily targets most productive age group of young adults and adolescents, thereby putting them in an increased risk of oral cancer.
The diagnosis of OSMF is primarily clinical and involves subjective and objective criteria. The clinical and functional staging suggested by Haider et al. [5] is widely followed, but we still do not have specific and objective diagnostic method other than tissue biopsy to correlate to extent and severity of the disorder. The tissue biopsy in OSMF has inherent limitation. In diffuse disease, the extent of fibrosis differs in various parts of the oral mucosa, and the tissue sample that we take from a single site may not be the most representative site for biopsy. [5] Biopsy is an invasive procedure which causes
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surgical trauma and tissue scarring that further contributes to the severity and progression of OSMF.
Ultrasound elastography is a real-time, widely available, noninvasive, nonionizing, and cost-effective diagnostic method with better patient acceptance. It can be the most valuable tool when mouth opening is very less or absent.
MATERIALS AND METHODS
The study sample consisted of 27 clinically diagnosed and staged participants with OSMF who visited the outpatient clinic for the disorder. Elastography was done by single operator on GE Logiq E9 machine [ Figure 1 ] with a 6-15 MHz linear matrix probe [ Figure 2 ]. No pressure was applied. No water bag was used within the mouth. Coupling agent or gel was applied to the transducer, and the scan was performed from the anterior to the posterior buccal mucosa separately on each side and the upper and lower lip (LL) regions. To obtain the image of buccal mucosa, the transducer was positioned on the cheek extra orally along the line joining the angle of mouth to the tragus of the ear.
Transcutaneous ultrasonography was done as mouth opening was restricted and probe was difficult to place intraorally. In viewing the anterior part of buccal mucosa, the anterior part of the probe was placed at the angle of the mouth. The technical parameters of the scan, such as depth, gain, focus, and time gain compression, were kept constant throughout the study to avoid potential bias in the assessment of eco texture.
The ultrasonographic findings were recorded separately for all the eight zones which were divided for the purpose of examination possible with the linear matrix probe.
The color-coded scheme was used, and images were recorded for the following sites: 1. Right posterior buccal mucosa 2. Right medial buccal mucosa 3. Right anterior buccal mucosa 4. Left posterior buccal mucosa 5. Left medial buccal mucosa 6. Left anterior buccal mucosa 7. LL 8. Upper lip.
Elastography technique
Elastography techniques are classified in various ways: i. According to the source: a. Static or quasi-static elastography (strain imaging) b. Dynamic (shear-wave imaging) -transient and continuous.
ii. According to modality used for tracking -ultrasound and magnetic resonance imaging (MRI), for example, ultrasound -1D transient elastography, point shear-wave elastography, shear-wave elastography, and magnetic resonance elastography. [6] Ultrasonography elastography was displayed over the B-mode image in a color scale that ranged from red, for components with greatest elastic strain (i.e. softest components), to blue for those with no strain (i.e. hardest components). [7] B-mode ultrasonography for the defined zones was done, and the findings were recorded.
Qualitative elastography in which stress-strain elastography was done that gave a color map of entire areas covered by probe with color grading from red to blue showing soft-to-hard areas.
In this way, five grades of color-coded maps were generated. Elastography score is a relative elasticity ratio between normal appearing areas and abnormal appearing areas. As shown in Figure 3 , the oral mucosal lining (epithelium and connective tissue together) appeared as a single hyperechoic line (white arrow). Just lateral to the mucosa (above the mucosal lining in cross-sectional ultrasound images), the submucosa appeared as a uniformly hypoechoic zone of varying thickness. Just above the submucosa, the muscle layer (comprising predominantly of buccinator) appeared as an echogenic band. Above this zone, the hypoechoic buccal pad of fad, superficial muscles of facial expression, subcutaneous tissue, and skin (black arrow) were seen in that order. The boundary between the submucosa and the muscle layer was clear and distinct. Table 1 shows five-point color-coded scheme was used, with 0 point given for incomplete examination (artifacts, mustache, beard, poorly evaluable images, etc.). The same code was used in the excel chart for the analysis. For elastography, the total score was calculated by adding grading scores of different zones. 1. Score 8-10 -soft (low-minimum strain area <50%) 2. Score 11-14 -mild stiff (strain area <75%) 3. Score 15 and more -Severe stiff (>75% strain area).
Figures 4-9 and
RESULTS
The data collected in our study were analyzed using the Statistical Package for Social Sciences (SPSS) for Windows (SPSS version 16, Chicago, Illinois). Simple mean, standard deviation, and significant correlation between the two groups were used to describe the distribution of data collected. Pearson's test [ Table 2 ] was used to correlate between the clinical grading and elastographic grading.
The results after Pearson's correlation between the elastographic grading and clinical grading came out to be 0.007, and it was highly significant. 
DISCUSSION
Ultrasound elastography is considered a noninvasive, convenient, and precise technique to grade the degree of fibrosis by measuring tissue stiffness. Elastography techniques The staging criteria used in the study The functional staging suggested by Haider et al. [5] was modified to categorize the participants into different stages. may be classified according to the source (static, quasistatic, or dynamic) and duration (transient or continuous) of tissue deformation and the modality used for tracking (ultrasound or MRI). Elastography by the use of clinical ultrasound and MR system has become a promising diagnostic method to noninvasively assess mechanical tissue properties. [7] The technique of elastography for evaluation of elastic properties of the tissue either quantitatively or qualitatively was prior described by Ophir et al. in 1991 . [8] Since its initial application to quantitatively measure the elasticity of compliant tissue; the technological progress has established its diagnostic application in different pathological condition where tissue elasticity is increased or decreased, like in different types of solid tumors and liver cirrhosis, etc.
In liver fibrosis, elastography has been extensively used where parenchymal tissue is replaced by fibrous tissue. [9] As the similar events take place in OSMF cases, where tissue elasticity decreases following collagen proliferation and fibrosis, the use ultrasound elastography can be a potential diagnostic aid. Bhatia et al. [10, 11] has provided various evidences regarding the accuracy of ultrasound elastography for the malignancy of the head-and-neck region.
OSMF is predominant largely in the people of Southeast Asia, South Asian immigrants in other countries and the Indian subcontinent where chewing areca nut with betel quid is a common practice. [5] OSMF is a diffuse disease in which severity varies from site to site in the very same patient. In this study, manual palpation of the fibrous bands and degree of firmness of mucosa was evaluated along with functional mouth opening range. These findings were correlated with elastographic scoring.
The results in this study were highly significant which stated that elastography can be a useful noninvasive method for diagnosing OSMF. Ultrasound elastography can help in knowing the degree of involvement of the mucosa at different sites very similar to manual palpation and can give measurable records.
Limitations of the study
The major problem in the application of elastography is that there are wide variety of techniques and processing algorithm currently available for producing and displaying elastographic images, and therefore, the findings, as well as the artifact or limitations, are highly dependent on the technique and may be specific to a specific system.
Transducer probe used in the study was not specific for oral region and could not access the oral cavity, and hence only transbuccal approach was possible. There exists a scope for the design and development of specific probe for oral region and larger study with this method.
CONCLUSION
The advantages of ultrasound elastography as a diagnostic tool over the subjective clinical method of diagnosis and staging of OSMF look promising. This study should be further explored with a suitable specific transducer probe and with quantitative diagnostic elastography method. Shear-wave elastography in OSMF patient can yield valuable information and should be taken up in further studies.
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